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Abstract 
 
The outbreak of Severe Acute Respiratory Syndrome (SARS) in Hong Kong, 2003, 
raised concerns from the public on the effect of hygienic conditions of housing 
environment on occupants’ health conditions. The disaster which hit Amoy Garden 
revealed that residential buildings were high-risk environment where virus could 
spread quickly. This dissertation first aims at identifying the linkage among hygiene, 
health, and building environments. Previous literature is reviewed to establish their 
inter-relationships. Hygienic determinants of residential buildings are identified 
through literature and real-life observation. Several building environmental 
assessment methods are introduced. Data collected in the pilot study of Building 
Health and Hygiene Index (BHHI) is used to test how the determinants affect the 
management quality on health and hygiene. Multiple regression analysis is adopted as 
the testing method. Empirical results reveal that building age, presence of owners’ 
incorporation (OI), estate type development, and management fee all have influence 
on the management quality on health and hygiene. Recommendations are given to the 
management agents as to how their hygiene quality of housing can be improved, so as 
to improve their occupants’ health. 
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Chapter 1 - Introduction 
 
1.1 Background of Study 
 
The outbreak of Severe Acute Respiratory Syndrome (SARS) in Hong Kong in spring, 
2003 claimed nearly 300 lives. 1,755 people were infected (Government Logistics 
Department, 2003). The HKSAR Government appointed an independent expert 
committee to investigate this tragic incident. Representatives from respective fields, 
including health systems, public health, epidemiology and communicable control, 
medical expertise, and hospital management and operation, were selected. The Report 
reveals problems in the communication channel between Mainland China and Hong 
Kong, capabilities and structure of the healthcare system in Hong Kong, etc. The 
quality of living environment and importance of hygienic practices, which was once 
emphasized much by the HKSAR Government, was given scant attention at the 
Report. 
 
The works of property management companies in common area’s hygiene are quite 
routine and straightforward. General cleansing of foyer, daily clearing of rubbish, 
frequent cleaning of water tank are usual practices, for which common standard of 
how they should be done did not exist before the outbreak of SARS. After people 
knew poor hygienic condition might have helped the spreading of SARS, the 
standards of hygienic practices became the public concern. Guidelines were drawn up 
by various government departments and private organizations. 
 
Occupants living in high-rise residential buildings were of high-risk group during the 
Chapter 1 – Introduction   
 2
spreading of SARS. The investigation by the Department of Health on the Amoy 
Gardens outbreak showed that infections were through the sewage system, 
person-to-person contact and the use of shared communal facilities. Many studies 
have also shown that housing conditions have contributory effect on occupants’ health. 
However, whether there is impact of hygienic practices on human health remains a 
question. There is a need to find out the determinants which affect the hygiene 
standards of residential buildings. Those buildings with low hygienic standard warrant 
immediate attention from the government, management agents and occupants. 
 
1.2 Research questions 
 
As said, today there are many guidelines to management agents as to how they can 
improve the hygienic conditions of common parts of residential buildings and react 
when upon the outbreak of diseases. In this research, the following questions will be 
investigated: 
 
(1) What are the determinants of hygiene standards of residential buildings in Hong 
Kong? 
(2) Are those factors significant in explaining the level of hygienic conditions of 
residential buildings in Hong Kong? 
 
1.3 Objectives of the study 
 
Due to limited time and resources in this research, this dissertation attempts to 
evaluate the factors affecting hygiene of residential buildings in Hong Kong only. 
Three objectives are formulated and summarized as follows: 
Chapter 1 – Introduction   
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(1) to examine the relationship among health, hygiene, and housing environment; 
(2) to identify the determinants affecting hygiene of residential buildings in Hong 
Kong, and; 
(3) to identify correlation between these factors and the management quality on health 
and hygiene. 
 
1.4 Significance of Study 
 
Hygiene is a topic with two extremes: either it is too common-sensed, or involves a 
lot of biological terms which most people hardly understand. There are studies 
assessing hygienic conditions at home. These studies, however, are more concerned 
with microbial and home environment only. They do not provide solutions on how to 
improve hygiene in common parts of buildings. 
 
In autumn 2003, when the spreading of SARS had been controlled in Hong Kong, the 
Faculty of Architecture, The University of Hong Kong, released the Building Health 
and Hygiene Index (BHHI). This pilot study aimed at ‘…(helping) owners and 
occupants understand the implication of the architectural design, conditions, and 
building management on the occupants’ health and hygiene’ (Faculty of Architecture, 
HKU, 2003). The result showed that management, rather than design of buildings, 
was the decisive factor on the overall BHHI score for most buildings. The aim of this 
study is to explore some factors affecting the management scorings of BHHI. By 
carrying out this study, it is possible to identify the buildings which need immediate 
concerns on improving hygiene conditions. The significances are twofold: on a 
narrow base, it provides clues for the future assessors of BHHI as to which types of 
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residential buildings to be investigated first; on a broad base, it can help the 
Government of HKSAR to formulate policies on improving building hygiene. 
 
The author is neither going to focus on the technical issue of microbial level, nor to 
explore how the common hygienic practices affect the hygienic level of residential 
buildings. The author will focus on finding out determinants which help us to identify 
the types of buildings which need immediate concern on hygiene. 
 
1.5 Outline of the study 
 
This dissertation consists of six chapters. 
 
Chapter 1 is the introduction. Background information, framework, and objectives of 
the study are specified. 
 
Chapter 2 is literature review. Here, literature about the concept of health and hygiene, 
how they relate to housing, some building environmental assessment methods, and 
factors indicating poor hygienic buildings will be given. 
 
Chapter 3 includes the hypotheses and research methodology adopted in this 
dissertation. Hypotheses are given based on literature search and real-life observations. 
The relationship among all the variables is quantified. The research model and data 
collection are also introduced. 
 
Chapter 4 is the research findings, discussions and recommendations. Some 
descriptive statistics of the data will be given. Explanations of the findings will also 
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be included. Recommendations are to be given on how to improve hygiene standards 
of residential buildings. 
 
Chapter 5 is the concluding chapter of this dissertation. It summarizes the findings in 
this dissertation. Limitations and areas for further research will also be discussed. 
 
Chapter 2 – Literature Review   
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Chapter 2 - Literature Review 
 
2.1 Health, Hygiene and Buildings 
 
To start with, the definitions of health and hygiene will be given. The interrelation 
between health and hygiene, and how building environment affects occupants’ health 
and hygiene standards, will be discussed. This provides readers some background 
knowledge on what are health and hygiene and the importance of keeping building 
environments healthy and hygienic. 
 
2.1.1 Definition of Health 
 
The most commonly adopted and comprehensive definition of health appears in the 
Preamble to the Constitution of the World Health Organization (WHO), which 
entered into force on 7 April 1948. It has not been amended since then. The definition 
is as follows: 
 
“Health is a state of complete physical, mental and social well-being and not merely 
the absence of disease or infirmity.”1 
 
Therefore, a physically well-being body is not the only indicator of a healthy body. A 
person must maintain a state of equilibrium among physical, mental and social 
well-being. Illness, which can be one of the above three well-beings, is a human 
reaction to harmful environmental forces. 
                                                
1 http://www.who.int/about/definition/en/ 
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2.1.2 Definition of Hygiene 
 
In contrast to ‘health’, there is no commonly adopted definition of ‘hygiene’. There is 
no indicator showing what level of cleanliness can be defined as ‘hygienic’. Newton 
(1978) described the purpose of being hygienic is to keep microorganisms and dirt 
away from human bodies. Being hygienic helps the body’s defences, and keeps us 
healthy and strong. It provides a link between hygiene and health, which will be 
discussed later in this session. 
 
Current literatures on the topic of hygiene are around microorganisms. For example, 
the study of Larson et al. (2001) measures the level of adenosine triphosphate (ATP), 
which commonly causes food hygiene problem, of four environmental sites in 35 
homes: kitchen counter next to the sink, dining table, bathroom sink, and the inside of 
the washing machine tub. These measures along with a set of questionnaires to the 
occupants are used as tool to assess home hygiene. The study is consistent with other 
studies that home environment is a reservoir for potentially large number of microbes. 
However, the exact role of the home environment in infectious disease transmission is 
still a question. Ball et al. (2000) questioned that children living in a ‘too-clean’ 
environment without exposure to allergens or infectious agents have a higher risk of 
developing diseases such as asthma later. 
 
According to Curtis et al. (2003), hygiene is simply described as cleanliness. Keeping 
house, clothes and people clean is hygiene. The opposite of hygiene is untidy, dirty, or 
food remains smelled bad or could spread disease or inflame allergies. This does not 
extend our understanding to what hygiene really is, and Curtis et al.’s work is also 
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relating to keeping bacteria away from human bodies. 
 
Terpstra (2003) defines hygiene as a combination of several relating issues. To 
achieve a satisfactory hygiene standard, there must be a control of microorganisms, 
indoor cleaning, sanitation, personal hygiene, control of infection and the organization 
of health services. His 2003 paper, however, also focused on public health affairs 
relating to microbiological life forms. Terpstra also relates hygiene standard to human 
health, which will be discussed in the next session. 
 
To summarize, hygiene is a set of practices rather than a standard. We cannot say an 
area of ‘pure cleanliness’ is a hygienic place. Many researchers doubt that a child 
growing up in a ‘too-clean’ area will be subject to higher health risk. As a summary of 
previous literature, ‘degree of cleanliness’ and ‘hygiene’ are not identical, and it is 
suggested that we should regard hygiene as a set of practices. 
 
2.1.3 Relationship between Hygiene and Health 
 
Some may interpret that health and hygiene describe the same thing. In fact, they are 
two related but different concepts. 
 
At the previous section, the meanings of ‘health’ and ‘hygiene’ have been defined. 
‘Health’ is used to describe a state of human well-being, while ‘hygiene’ is a 
combination of practices, which prevent infectious microorganisms entering human 
bodies, rather than a description of a state of human body. Therefore, health is an 
ultimate goal and described as a state of equilibrium, while hygiene is the mean, or a 
set of practices, to achieve this goal. Illnesses or more seriously, deaths, are caused by 
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infectious diseases. A research shows that a century ago one third of deaths were 
caused by 3 infectious diseases, pneumonia, tuberculosis, and diarrhea.2 In 1997, 
over half of all deaths are caused by 2 chronic (which means constantly present or 
re-occurring) diseases, heart disease and cancer. This profound improvement is 
attributed to infectious disease control. In other words, a higher hygiene standard can 
improve human’s health. 
 
However, hygiene is only one of the factors contributing to control of infection. 
Oosterom (1998) identifies that besides hygiene, better nutrition, better housing, 
improved working conditions, vaccination programs, the availability of antibiotics, 
and other medical facilities all contributed to longer life span. The average life span 
has doubled since 150 years ago. 
 
Larson (2001) also regards that hygiene is not the sole factor contributing to health. 
Other factors, for example, better nutrition, safe drinking water, and vaccination, 
relate to each other, or occur simultaneously or very close in time. Therefore, it is 
difficult to single out the specific impact of hygiene on health, particularly with regard 
to cleanliness and personal hygiene within the home and community. In her paper, she 
examined the epidemiologic link between household hygiene and risk of infection 
from recent health care literature. Her findings will be summarized as follows. 
 
Larson has searched 50 literatures about relation of hygiene and health. Among those, 
38 were conducted in developing countries, and they demonstrated significant 
reductions of diarrhea and related diseases when household and personal hygiene 
improves. These studies, however, are difficult to be conducted in many developed 
                                                
2 Achievements in Public Health, 1900-1999: Control of Infectious Diseases, 1999 
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countries, because the hygiene levels are already high in these countries, and there are 
few valid and reliable tools to measure hygiene and hygienic practices. Nevertheless, 
Larson concluded that household and hand hygiene was one of the three primary 
measures associated with reduced incidence of infections3. 
 
Terpstra’s (2003) interpretation on relation between hygiene and health can serve as a 
suitable summary on this part: “hygiene refers to the science of the establishment and 
maintenance of human health.” He also demonstrates how household hygiene 
contributes to human health in graph, which is shown as Figure. 2.1. 
 
Figure 2.1 Consumer-Technology Interaction Model for Domestic Hygiene 
                                                
3 The other two are availability of a clean water supply and adequate disposal of waste 
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Through the overview of the previous researches, the relationship between hygiene 
and health are demonstrated. It is generally accepted that although hygiene is not the 
sole factor contributing to human health, better hygiene conditions or practices do 
help in improving human health. Terpstra’s chart provides a further step. It shows the 
relationship between household hygiene and occupants’ health. A higher level of 
hygiene contributes to better health of the occupants. 
 
2.1.4 Health and Housing 
 
We spend an estimated two-thirds of our lives within homes and their immediate 
surroundings. How housing environment affects occupants’ health seems to be a 
matter of fact. If occupants live in a cleaner environment, their health can be 
maintained or even improved. However, the literature on epidemiologic link between 
housing and health is rare. The exact relationship between housing and health is less 
understood or even unknown. The reason is the same as that between hygiene and 
health: it is impossible to single out the effect of housing on health specifically. 
Steward (2001) suggests that apart from the impact of poor housing, social 
disadvantage, poverty, inadequate diet, poor working conditions or unemployment, 
lack of medical care all contribute to poor health. However, as far as the impact on 
physical health is concerned, the effect of housing on mental health is more difficult 
to test. 
 
Ranson (1991) gives out four reasons why empirical evaluation of housing and heath 
is difficult to make. They are: 
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• Housing and health studies have usually failed to separate or take into 
account the multifactorial non-housing variables that affect health (e.g. 
poverty, ignorance, poor nutrition and lack of medical care). Even less 
clear is whether or not these various factors are equally important and 
how they should be evaluated in research programme; 
 
• The direction of a cause-and-effect relationship pertaining to housing 
and health variables also is often unclear. Thus, if a particular housing 
factor is shown to be associated with a disease, the question arises 
whether or not the disease has given rise to the factor or whether a 
third set of determinants is responsible; 
 
• Indices for measuring health and the hygienic quality of housing are 
often too insensitive, inappropriate and/or lack universal acceptability. 
This is a particular problem when assessing the intangible or aesthetic 
effects of housing on social well-being, in determining comfort levels 
or measuring qualitative aspects such as quality of life, and; 
 
• In many cases, no epidemiological studies into the effect of particular 
housing factors on health have been conducted. As a result the causal 
factors of potential housing-related illnesses are often unknown or 
insufficiently corroborated. 
 
Although the linkage between housing and health is hard to evaluate, some literatures 
reveal that linkage between them does exist. The WHO expert committee in its 1961 
report commented that ‘the lack of definite measurements does not denote the absence 
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of a relationship between housing and health’. A residential environment consists of 
many elements. By deductive measuring, one can evaluate the effect of residential 
environment on occupants’ health based on these individual elements. 
 
There are literatures trying to establish link between health and housing. First we need 
to have a brief idea of what a ‘healthy housing’ means. Generally a healthy housing is 
used to describe a safe and healthy housing environment for its inhabitants. The WHO 
Regional Office for Europe (1985) defined it in a 219-word sentence as follows: 
 
 “A human habitation that is structurally sound and relatively free 
from accidental injury hazards, provides sufficient space for all normal 
household activities for all members of the family, has readily and easily 
available an adequate supply of potable and palatable water, has a 
sanitary means of collection, storage and disposal of all liquid and solid 
wastes, is provided with appropriate installed facilities for personal 
and household hygiene and cleanliness, is sufficiently weatherproof 
and watertight, provides proper protection from the elements, especially 
for those persons who may be particularly susceptible, for physical 
and/or physiological reasons to these potentially adverse environmental 
conditions, provides a hygrothermal indoor environment which is 
healthful and comfortable, is free from excessive noise from both 
interior and exterior sources of the structure, has natural and artificial 
means of illumination that are safe and adequate in quality and quantity 
for the fulfillment of all normal household activities and functions, is 
free from toxic and/or noxious odors, chemicals and other air 
contaminants or pollutants, has adequate but not excessive microbial and 
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thermal characteristics, provides sufficient but not excessive solar 
radiation, provides adequate protection from insects and rodents which 
may be reservoirs and/or vectors of disease agents, and is served by the 
necessary and/or desirable health, welfare, social, educational, cultural 
and protective community services and facilities.” (bold and italic mine) 
 
The WHO Regional Office for Europe has given a list of factors which are essential 
for a healthy building to provide for its occupants. This list, however, is not 
exhaustive. A healthy housing should provide a betterment of health, not just 
avoidance of illness. Also, as society changes, the general requirements on health also 
keep changing. For example, the discovery of a new virus will change people’s habits 
on preventing its infection, and the requirement of healthy housing will change too. 
Therefore, there must be ‘add and/or drop’ of the list provided by WHO Regional 
Office for Europe, although they may not officially modify it. The author also wants 
to draw readers’ attention by highlighting the sentence bold and italic. That part of the 
sentence provides a linkage between the importances of hygiene on housing health, 
which can be a supplement part of the previous section. 
 
A ‘healthy housing’ is not as popular as the term ‘sick building’. The reason is that 
sickness is more easily identified. The factors causing to sickness is also easier to be 
discovered. Ranson (1991) believes there are at least three ways how poor housing 
environment may affect physical health: 
 
• It may facilitate the transmission of communicable diseases; 
• It may interfere with physiological needs, and; 
• Its design or construction may cause injury to health 
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The maintenance and promotion of mental and social well-being is harder to define, 
and it is not the purpose in this research in these two areas. Therefore how housing 
affects in these two aspects will not be discussed. 
 
In previous literature, ‘Sick building’ is more used than ‘healthy building’. ‘Sick 
building’ is used to describe the occupants are suffered from building-related 
symptoms. It is worth to discuss it in brief. 
 
2.1.5 Sick Building Syndrome (SBS) and Building Related Illness (BRI) 
 
Both Sick Building Syndrome (SBS) and Building Related Illness (BRI) usually 
describe cases in nonresidential and nonindustrial buildings. Nevertheless, the author 
believes it is necessary to explain these two concepts to illustrate how buildings affect 
occupants’ health. 
 
2.1.5.1 Definition of SBS 
 
The concept of SBS came up in the 1980’s when there was little understanding of 
causal or risk factors for illness symptoms in building occupants. During that time the 
ventilation rates used in buildings were relatively low and emissions from building 
materials, furnishings, finishes, etc were high, which there is substantial differences 
now. Therefore, the early understandings of SBS are less applicable today. 
 
The definition of SBS by the WHO has been widely adopted today: 
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“Sick Building Syndrome describes a medical condition where people in a building 
suffer from symptoms of illness or feel unwell for no apparent reason. The symptoms 
tend to increase in severity with the time people spend in building and improve over 
time or even disappear when people are away from the building.”4 
 
The symptoms of SBS5 include: 
 
- sensory irritation of the eyes, nose, throat (described as pain, a feeling of 
dryness, smarting, stinging irritation, hoarseness, or voice problems); 
 
- neurotoxic or general health problems (such as headache, sluggishness, 
mental fatigue, reduced memory, reduced concentration, dizziness, 
intoxication, nausea, vomiting, and tiredness); 
 
- skin irritation (such as pain, reddening, smarting, itching sensations, or dry 
skin); 
 
- nonspecific hypersensitivity reactions (such as runny nose or eyes, 
asthma-like symptoms among nonasthmatics); and 
 
- odor and taste sensations (such as changes sensitivity of olfactory and taste 
senses, or unpleasant odor and taste). 
 
The WHO panel concluded that these symptoms should appear frequently in 
                                                
4 “Housing: Sick Building Syndrome, no. 2, Reprint”, Technical Documents, WHO 
5 Godish, T, “Indoor Environmental Quality”, Lewis Publishers, 2001: USA, pp. 196-197 
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individual buildings or parts thereof. A majority of occupants should report these 
symptoms, which will disappear or diminish after the person has left the building. 
 
2.1.5.2 Differences between SBS and BRI 
 
In theory, there is a distinction between SBS and BRI. According to Dr. Robertson 
(1991), there is no single factor has been found to be causative to the SBS. BRI, on 
the other hand, is characterized by unique symptoms that may be accompanied by 
clinical signs, laboratory confirmations, and identifiable contaminants. The sources of 
BRI are identifiable, for example, asbestos, radon, and carbon monoxide. The most 
common diseases of BRI include flulike symptoms or respiratory distress, humidifier 
fever, and bacterial pneumonia. These symptoms, unlike that of SBS, do not disappear 
on exit from the building and often affect only a few workers. Identification and 
removal of source are required to successfully mitigate BRI. 
 
Since it is not the major concern in the author’s work, theoretical distinction between 
SBS and BRI is impractical here. The objective is to discuss how poor indoor 
environment badly affects occupants’ health. SBS and BRI mostly occur in office 
buildings. Although there is a lack of research on SBS and BRI in residential 
buildings, indoor environment is believed to have effect on occupants’ health in 
residential or industrial buildings. 
 
2.2 Building Environmental Assessment Methods 
 
There are methods to assess the environmental performance of buildings both around 
the world and in Hong Kong. Most of them share the common objectives as a tool for 
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consumers to make rental or purchase decisions, and to stimulate the market demand 
for buildings with improved environmental performance (Crawley and Aho, 1999). In 
this part, two building environmental assessment methods will be introduced. A new 
building environmental assessment method which was formulated in 2003 will also be 
discussed. 
 
2.2.1 Building Research Establishment Environmental Assessment Method 
(BREEAM) 
 
The BREEAM was originated in the United Kingdom over ten years ago. It is a 
voluntary, consensus-based, market-focused assessment method (Crawley and Aho, 
1999). It covers a range of building types: offices, homes (known as EcoHomes), 
industrial units, and retail units. It intends to provide developers and designers 
guidelines to improve environmental performance with money saving (Bishop et al, 
1995). 
 
BREEAM uses three scales for environmental impact: global, local, and indoor issues 
(Prior, 1993). According to BREEAM’s website6, these 3 scales are spread in 9 areas 
for assessment, which include management, energy use, health and well-being, 
pollution, transport, land use, ecology, materials, and water. 
 
BREEAM, however, is specifically designed for buildings in the UK. Its Hong Kong 
version was developed few years ago, which will be discussed in the following 
session. 
 
                                                
6 http://products.bre.co.uk/breeam/ 
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2.2.2 Hong Kong Building Environmental Assessment Method (HK-BEAM) 
 
The HK-BEAM was first established in 1996. Two assessment methods were set up: 
one for ‘new’ and one for ‘existing’ office buildings. It has been updated several 
times since then. One of the most significant update was in 1999, which an entirely 
new assessment method for residential buildings was issued. 
 
Like BREEAM, HK-BEAM is a voluntary assessment scheme. The Business 
Environment Council (BEC) is responsible for assessing the buildings. The BEC was 
incorporated in 1992 as a non-profit environmental organization with the overall 
objective of undertaking environmental projects that benefit the public. The 
assessment is based on six aspects on environmental issues, which are: 
 
z Site aspects; 
z Materials aspects; 
z Energy use; 
z Water use; 
z Indoor environmental quality; and 
z Innovations and Performance enhancements 
 
According to the BEC website7, currently there are nearly 70 buildings certified with 
HK-BEAM. Among those only 21 are residential buildings. The reasons few 
residential buildings certified with HK-BEAM includes: 
 
                                                
7 http://www.bec.org.hk 
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z HK-BEAM is not specifically designed for residential buildings. Many aspects, 
e.g. indoor air quality, do not generate immediate concern from residential 
buildings. 
 
z Some aspects are technical and require professional expertise, the availability of 
which is constrained by the lack of resources for some existing residential 
buildings. 
 
In the author’s opinion, HK-BEAM is not specifically designed for assessing hygienic 
conditions for residential buildings. It covers a wider area of sustainability of office or 
residential buildings. 
 
2.2.3 Building Health and Hygiene Index (BHHI) 
 
The outbreak of SARS triggers widespread concern on health and hygiene issues of 
building environment, especially for those existing residential buildings. The HKSAR 
Government and WHO have published report on the cause of outbreak of SARS. It is 
suggested that the spreading of SARS in places, like Amoy Garden, was the result of 
the spread of contaminated droplets in the re-entrant and a poor ventilated area. The 
Faculty of Architecture, the University of Hong Kong, proposes the Building Health 
and Hygiene Index (BHHI), to provide a simple and practical assessment framework 
for apartment buildings. It was a pilot study carried out in summer of 2003. The result 
was released in October 2003. 
 
2.2.3.1 Hierarchy of BHHI 
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BHHI identifies eight key environmental qualities which affect occupants’ health, 
namely: density, air, light, noise, thermal comfort, drinking water, waste disposal, and 
cleanliness. An Advisory Committee, consisting of members from professional 
institutions, academic institutions and other related bodies, is formed to give advice 
on factors directly affecting standard of buildings’ hygiene standard and occupants’ 
health. 25 building factors are set and classified under two categories of either design 
or management aspect. The BHHI hierarchy is shown in Figure 2.2: 
 
Built Environment
Design Management
Architecture BuildingServices
External
Environment
Operations & 
Maintenance
Building
Management
Size
Plan shape
Headroom
Windows
Noise reduction
Open space
Water supply
Drainage
Refuse disposal
Lift
Cleaning
Pest control
Refuse handling
Inspection
Maintenance
Water quality
Density
Adjacent use
Air quality
Noise source
Visual quality
Thermal comfort
Organization
Documentation
Emergency
 
Source: Ho et al (forthcoming) 
Figure 2.2 Hierarchy of BHHI Building Factors 
 
The BHHI hierarchy is divided into 4 levels. The top level is the built environment. At 
the second level it is divided into design and management. Design is commonly 
regarded as ‘hardware’ of a building, what it can hardly be changed after the building 
is completed. Management, on the other hand, is the ‘software’. It is easier to be 
changed after the building is occupied. The advantage of dividing built environment 
into Design and Management is for the ease of grouping the sub-factors and helping 
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the government to identify areas of improvement. 
 
Under the Management aspect, it is divided into 2 categories and sub-divided into 9 
sub-categories. The two categories are Operations & Maintenance (O&M) and 
Building Management. O&M is concerned mainly with the daily operation and 
maintenance of hygienic practices, e.g., frequency of cleaning of common area, pest 
control, and drainage maintenance. For Building Management, it is concerned with 
the management organization and its documentation and emergency preparedness. 
 
Collection of raw data actually is on the fifth level of the BHHI hierarchy not shown 
in the Figure 2.2 above. The complete list of factors in the BHHI hierarchy is shown 
in Appendix I. 
 
2.2.3.2 Constructing BHHI Framework 
 
The factors discussed in the last session are considered affecting health and hygiene 
of residential buildings. However, they are not of equal weighting. They may have 
different impacts on built environment. Therefore, weightings have to be calculated 
among those. Workshop was conducted by the Faculty of Architecture, HKU. 
Representatives from different professional bodies and universities were invited to 
give weighting of these factors. However, problem arises if those experts are 
inconsistent in assigning weighting to those factors. 
 
To solve this problem, Analytic Hierarchy Process (AHP) (Saaty, 1982) was used to 
calculate the weightings of these factors. One of the most major attractions of AHP is 
that it allows a pair-wise comparison between factors. Inconsistency is avoided using 
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the AHP computer package, Expert Choice 2000 2nd Edition. The factors at the fourth 
level of BHHI are compared. Experts were not invited to compare the factors at the 
fifth level because there were 56 factors at the fifth level. Inconsistency problems 
would be serious and timely effort would be required to resolve the inconsistency. 
Factors at the fifth level would share respective factors at the fourth level equally. 
 
The result of the workshop showed that Design (weight = 53.57%) is only slightly 
more important than Management (weight = 46.43%), which implies both designer 
and the property manager play important role in providing a healthy and hygienic 
built environment. The complete result of the workshop is shown in Appendix II. 
 
After the framework of BHHI is set, empirical data was collected. In the summer 
2003, 26 students from the Department of Architecture and Department of Real Estate 
and Construction were recruited. Their work included making site visits, performing 
desk search on building plans, street map and homepage, doing questionnaire to 
management agents and occupants. The collected data was fit into the framework of 
BHHI. Taking into account the respective weightings, the BHHI was computed. 
 
2.2.3.3 Releasing BHHI Pilot Study 
 
The pilot study of BHHI was released in October 2003. 57 residential buildings were 
inspected. Among those, 27 of them were graded C or U, which implied that nearly 
half of the inspected buildings needed detailed inspections. The result also showed 
that management was more decisive on overall BHHI than design. The complete list 
of buildings assessed and result are shown in Appendix III. 
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One characteristic which differentiates BHHI from BREEAM and HK-BEAM is that 
BHHI assesses building performance after the buildings are occupied. For BREEAM 
and HK-BEAM, buildings are assessed at the very beginning, i.e., design stage. 
Environmental issues of on-site practices are also assessed. BHHI assesses 
performances of existing buildings rather their environmental performance at all 
stages of construction. 
 
BHHI is still at its pilot stage of study. It is arguable that whether the sub-categories 
recognized by the professions should be included in the index, given there is a lack of 
discussion among the general public at this stage. Some of the categories may be 
considered inappropriate later and some may be added as time evolves. The 
weightings of each sub-category should also be subject to change. Nevertheless, 
BHHI is specially designed for existing residential buildings in Hong Kong. It 
provides a simple, cost-effective and quick method to assess, in particular, health and 
hygiene conditions for residential buildings. 
 
BHHI also provides a complete data set to the author to investigate on. The data set is 
easily accessible and nearly all tested elements can be found in the data set. 
 
2.3 Hygienic Determinants of Residential Buildings 
 
The aim of this dissertation is to identify some hygienic determinants of residential 
buildings in Hong Kong. Previous literature is reviewed and some factors are 
identified. It was discovered that building age, management fee, presence of owners’ 
incorporation affect the hygienic standards of residential buildings. 
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The author identifies another factor, estate type development, affecting hygienic 
standard based on observation. They will be discussed in this session one by one. 
 
2.3.1 Building Age 
 
Buildings vary in age and their conditions. According to the homepage of the Housing, 
Planning and Lands Bureau8, there are about 9,300 private buildings in the Metro 
Area which are over 30 years’ old. This figure is expected to increase by 50% in 10 
years’ time. These buildings are old and dilapidated, which require urgent 
redevelopment. 
 
The problems of old buildings are not only confined to maintenance problems. 
Hygienic issue also needs immediate concern. The inner city usually is developed in 
the earlier stage, in which the buildings are characterized by ‘overcrowding, 
industrialization, air pollution and poor environmental amenities’ (Ranson, 1991). It 
drives those more prosperous households away from the city centers and move to a 
more spacious area in the rural, while leaving those poor, older, and less mobile 
people in the center called ‘slum’. Martin and Oeter (1978) described these areas as: 
 
‘…at best a threat to the health of the inhabitants due to overcrowding, 
defective physical structure of the building resulting in dampness, 
sanitary defects, increased home accidents and lack of suitable outdoor 
areas for children with a consequent increase in street accidents and in 
children being kept indoors. At worst, the influence of less desirable 
members of the population results in an increase in crime, juvenile 
                                                
8 http://www.hplb.gov.hk/eng/policy/urs.htm 
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delinquency and immobility.’ 
 
It is worth noticing that Martin and Oeter addressed not only physical health but also 
social well-being. 
 
Godish (2001) identifies the importance of building age on building health in the 
form of building materials used. Prior to 1950s, lead-based paint was used to cover 
exterior and interior surfaces, which contaminated the indoor air with lead-containing 
dusts. Also, Godish believes older buildings are more likely to have problems such as 
water intrusion, flooding, and condensation on windows and walls. All of these affect 
indoor environmental quality and occupants’ health. 
 
There is no fine line to define which building age is ‘old’. The general concept is that 
buildings around 20 years old need more management concern than buildings below 
20 years. Therefore, this dissertation will concentrate on residential buildings over 20 
years old and test whether the increase in building age leads to a decrease in 
management quality on health and hygiene. 
 
2.3.2 Management fee 
 
No matter the buildings are managed by property management companies or owners’ 
incorporation, they all need financial resources to run and provide management 
services. In this session, the importance of financial resource to manage buildings is 
illustrated. How the level of management fee is produced will also be introduced. 
 
Financial resources are important in maintaining good conditions of buildings, 
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especially in the sense of building maintenance and repair. Financial support can be 
given by the government. For example, in welfare countries like the UK and Finland, 
the governments provide grants or low-interest loan to occupants for improvement 
works. The reason is that people living in poor housing areas usually lack financial 
resources for those works. In Hong Kong, the Buildings Department operates the 
Building Safety Loan Scheme. It aims at providing financial assistance to individual 
owners of private buildings to voluntarily carry out maintenance and repair works 
(BD, 2003). 
 
In a free economy like Hong Kong, the Government refrains from intervening the 
market activities too much. Management agents of private buildings should establish 
funds in building maintenance. As stated in the Building Management Ordinance, 
Owners’ Incorporation should establish a general fund (for exercising its powers and 
duty) and a contingency fund (for unexpected or urgent expenditures). The source of 
the fund is from the contribution of occupants as management fee. In the consultation 
paper published by the Housing, Planning and Lands Bureau (2003), it is stated that 
one of the challenges of sustained quality management and maintenance is the failure 
to pay the requisite expenses by some non-cooperative occupants. It shows the 
importance of financial resources. 
 
Financial resources of buildings come from management fee. Management fee is 
payment from the occupants of the properties to the management agent. The 
management agent can be a professional property management company, or owners’ 
incorporation formed by owners of the buildings. The management agent can use the 
collected amount of payment to carry out daily maintenance and management 
practices. 
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There is no general definition of management fee since it is a common management 
concept. Liao and Liu (2001) wrote in their book that ‘management fee is the fee 
accepted by the property management unit, contributed by owners or occupiers of the 
building. The owners/occupiers authorize the property management unit to use the 
amount of money for the construction of the property and its facilities, common area’s 
facilities, green features, hygiene, transportation, security, and landscape. The 
management unit can collect fee for daily maintenance, renovation, cleansing and 
providing other services which are related to occupants’ living standard.” It specifies 
where management fee comes from and what it is used for. 
 
Management fee is not determined arbitrarily. If a property management agent sets 
the management fee too low, it will not be able to pay their employees, not to mention 
carrying out daily operations. If it sets the management fee too high, complaints from 
occupants can be expected. It may not even receive management fee from them on 
time. Therefore, determining the level of management fee is an ‘art’. The level of 
management fee decides the financial resources the management agent possesses. 
 
Colliers Jardine, now East Point Property Services Limited, published a book on 
property management field in 1991 (Colliers Jardine, 1991). It was a collection of 
inquiries from occupants and Colliers Jardine’s solutions. In one session it listed out 6 
main area of property management expenditures. They were: 
 
i. Hiring property management staff (it accounts for around 25-40% of 
total expenditure); 
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ii. Building facilities’ repairing and maintenance (e.g. lifts, swimming 
pool, fire services installations, security services, central 
air-conditioning system); 
 
iii. Electricity, water, telephone, gas, etc. charges in common area; 
 
iv. Insurance (e.g. fire insurance, third-party insurance, employee 
insurance) 
 
v. Daily property management cost (e.g. refuse handling, cleansing in 
public area, pest control) 
 
vi. Executive expenditure (e.g. stationery, legal cost) 
 
Property management agents shall assess the overall sum of these expenditures each 
year to determine the level of management fee. An experienced property management 
agent can accurately estimate the amount of the expenditures. Occupants will not pay 
extra management fee, and the agent is able to maintain balance of its income and 
expenditure. 
 
Liao and Liu (2001) extend the property management expenditures into 13 areas. 
They are: 
 
z Employee’s salaries 
z Allowances 
z Executive expenditure of the management agent 
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z Insurance for the building 
z Building repair and maintenance cost 
z Cleansing cost 
z Green features in common area 
z Security 
z Profit for the management agent 
z Management general fund 
z Depreciation for fixed assets 
z Taxes 
z Other unexpected cost 
 
Although it includes more areas in determining management fee, the logic of 
determining is the same, i.e., to identify the key service areas and estimate the 
expenditure on each area. The property management agent shall estimate its yearly 
expenditure and then recoup the amount from all occupants. 
 
The readers may notice that level of management fee is determined by a lot of factors. 
Daily practices for hygiene are only a small part of it. Usually occupants will pay a 
lump-sum to the management agent each month. Not many property management 
agents will break down the lump-sum amount into percentages which shows 
contribution to respective operations. Collecting management fee, despite enabling 
the management agents to provide property management services, does not 
necessarily contribute to a better living condition. The reason is that the property 
management agent may not use the financial resource efficiently. 
 
To summarize, financial resource is important in carrying out building maintenance 
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and management, but the level of management fee may not determine the hygienic 
standard of residential buildings. 
 
2.3.3 Owners’ Incorporation 
 
The HKSAR Government advocates owners’ participation in residential buildings 
management for years. However, the characteristic of multiple ownership of high-rise 
residential buildings in Hong Kong has long contributed to problems in building 
management, as a result of ambiguous assignment of duties and rights of individual 
flat owners, especially for the common parts of buildings. Deed of Mutual Covenant 
(DMC) was therefore evolved to define rights and obligations to all owners and their 
successors. Sadly, the terms in DMC were usually in favour of developers (Colliers 
Jardine 1991). Therefore, the Government intervened by passing new laws. The first 
was the Multi-storey Building (Owner’s Corporation) Ordinance9 in 1970, which 
encouraged owners to take over the management of buildings. In 1993, the Ordinance 
was amended to Building Management Ordinance, which facilitates owners’ effort to 
form Owners’ Incorporation (OI). 
 
An OI is a separate legal entity. In usual cases, the owners of a building form the 
managing committee of the OI. The OI has to register with the Land Registry to be 
formally established and run (Central & Western Provisional District Board, 2001). 
Summarized from DMCs, the duties of property managers include security, cleansing, 
repair & maintenance, budget preparation and financial control. Other duties include 
arranging landscape, organizing social activities, responding to residents’ 
requirements or management services and answering their complaints. The OI can 
                                                
9 Cap. 344, Laws of Hong Kong 
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take over these responsibilities from the hand of property manager, or just monitor the 
property manager’s performance. 
 
Readers should distinguish the difference between OI and owners’ committee (OC). 
An OC is mainly formed under DMC and only has consultative role. It usually does 
not possess any decisive power in building management. 
 
There are different views of the effectiveness of OI. On the positive side, it is 
recognized that OI can help improving the buildings’ conditions. According to a study 
by Mongkok District Board (1983), as a legal entity, OI helps in implementing 
building management works, and has right to sue. 
 
In addition, since the committee members of an OI are usually individual owners of 
the buildings, they care more about their own premises and have more commitment 
than outsiders do. Nigal (1987) wrote that ‘participation changes participants by 
developing in them new values, attitudes, skills, knowledge, and beliefs.’ It will also 
elicit participants’ commitment to the system as a whole. 
 
Kwok (2001) identifies several encouraging factors of owners’ participation. In 
relating health and hygiene, he believes that OI has concrete power and may suggest 
improvement works. It is regarded as a direct way to reflect owners’ idea to the 
services providers. For example, the owners are living in a building which they should 
familiarize with its conditions. Whenever they find area which in unhygienic, they can 
lodge their complaint to OI directly. Since the members of OI are also owners of the 
building, they will take action as soon as possible to prevent their building from 
deteriorating. It relates to other encouraging factors of owners’ participation: asset 
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appreciation (owners do not want to see their building depreciate in value) and 
external impact (maintain good neighbourhood relationship.) 
 
On the other hand, some OIs are not functioning well in building management. There 
are several reasons contributing to this result. 
 
In 2001, Hong Kong Policy Research Institute Limited released a report on the 
support of the Government to the OI. It revealed several problems. Committee 
members of the OI are voluntarily based. The problems are twofold: they may not be 
able to read and understand the Building Management Ordinance; or they lack 
enthusiasm in solving management problems. The members also do not possess 
professional expertise in building management field. Therefore they may not notice 
the maintenance problems when they occur, and they lack experience in monitoring 
contractors’ works. 
 
Although OI is a separate entity, most OIs seldom use the power to sue owners’ 
violating the DMC. They believe that going to Land Tribunal involves high legal cost 
and lengthy time before the case is settled. Some owners of the buildings may have 
triad society background. OIs have pressure in exercising their duties. Some OIs 
complain that the government does not lend enough support to their work. 
 
In Kwok’s research, he also identified several discouraging factors of owners’ 
participation. Some OIs lack knowledge and skills in carrying out maintenance and 
management works. They may not have enough resources, both financially and in 
terms of manpower, and do no gain support from other owners. All these factors make 
the OIs’ effort insignificant. 
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The opinions on the effectiveness of OI on buildings’ conditions are diverse. The 
author believes it is hard to say whether the presence of OI can help in improving 
hygienic condition or whether its presence is significant or not. In the author’s opinion, 
the existence of OI may not help in improving building hygiene as there is a lack of 
experience and profession. The committee members of OI are voluntary and are 
therefore unlikely to devote much time on building management. 
 
However, based on real-life observation, residential buildings which are over 20 years 
old are usually not managed by property management companies. The existence of OI 
may then become important. The reason is that the property management liability 
rests solely on the occupants. The presence of OI in these aged buildings will have 
positive effect on health and hygiene standards, as it can perform basic daily hygiene 
practices, e.g., clearing garbage, cleaning common area. 
 
2.3.4 Estate Type Development 
 
The author adds this determinant from his own observation. An estate development 
usually has a larger common area, where many ‘green features’ can be incorporated. 
Many new estate developments have green landscape area, and clubhouse is provided, 
so that occupants can do exercise there. 
 
In addition, estate type development has a higher number of flats than a single block 
building. It means that if the management fee level is the same per square meter for a 
single block building and an estate type development, the management agent for 
estate type development has more financial resources than a single block building. 
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Even in estate type development where the management fee level per square meter is 
lower, the total collected sum of estate type development will probably be higher than 
that of a single block building. With more financial resources, as discussed before, it 
is possible for the management agent to provide services with higher quality, so as to 
improve health and hygiene standard of the development. 
 
For estate type building, high level of management fee may not be a good sign. From 
the empirical data of BHHI, management fee levels of single-block buildings are 
commonly higher than that of estate type developments. Since the total number of 
flats of estate type development is usually larger than that of single-block building, 
management agent of estate type development does not need to charge high level of 
management fee. In addition, for estate type development, charging a lower level of 
management fee may imply a more efficient use of financial resource. Therefore the 
joint effect of estate type development and management fee maybe negative. 
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Chapter 3 - Hypothesis & Methodology 
 
It is discussed in Chapter 2 that there are four factors affecting the hygienic conditions 
of residential buildings. In this chapter, hypotheses are set as basis of testing. 
Methodology adopted to examine the actual relationship between these factors and 
hygienic performances of the private residential buildings will also be discussed. 
 
3.1 Hypotheses 
 
In Chapter 2, four determinants, based on previous literature and real-life observation, 
are identified. The hypotheses of their effect on health and hygiene standards are 
summarized as six statements: 
 
(i) For residential buildings aged over 20 years, increase in age has negative 
impact on health and hygiene standards of the building; 
 
(ii) Residential buildings which have higher level of management fee have higher 
health and hygiene standards; 
 
(iii) In general, OI has negative impact on health and hygiene standards of 
residential buildings; 
 
(iv) For residential buildings aged over 20 years, the presence of OI has positive 
impact on health and hygiene standards; 
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(v) Estate type developments perform better in building health and hygiene than 
single block residential buildings, and; 
 
(vi) The joint effect of estate type development and management fee on health and 
hygiene standards is negative. 
 
Data will be collected and tested using regression model. They will be discussed in 
the latter sessions. 
 
3.2 Choice of Data Sample 
 
Selection of data sample is important in any research. Only by selecting the correct 
data sample a model can be developed and real-life situation can be explained. 
 
In this dissertation, almost all data is collected from the pilot study of BHHI. The 
reason is that all data is easily accessible to the author. Not only does the author know 
the overall scores for each development, the scores for each element in BHHI are also 
available. 
 
3.2.1 Dependent Variable 
 
The dependent variable in the analysis is the Management scoring (MGT) released in 
the pilot study of BHHI. From the result of pilot study, it is shown that Design score 
only varies the BHHI scoring moderately. Management is more decisive than Design 
in affecting building health and hygiene. Another reason is that Design is like a 
built-in factor which cannot be changed after the building is occupied. Management, 
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on the other hand, can be improved. Therefore, only the Management part of scoring 
is used.  
 
The Management scoring, however, can only be used as a proxy of the management 
quality on health and hygiene. The sub-categories on the fourth level are not 
exhaustive or may even be inappropriate to put there. The author has made two little 
adjustments on the original Management scoring to suit the aims of this dissertation. 
In the original BHHI hierarchy, presence of OI and management fee level are 
regarded as factors contributing to the index. However, the purpose of this research is 
to identify hygienic determinants factors of residential buildings in Hong Kong. From 
previous literature, it has been shown that both factors, although shown relevant, are 
not necessarily contributing to better health and hygiene condition. Therefore these 
two factors are singled out in the index. 
 
After both factors are singled out, other factors in Management scoring will share the 
original weightings of the two factors equally. The new Management scoring differs 
from the original one inappreciably (See Appendix V). Therefore it is believed that 
singling out these two factors will not affect the validity of the result. 
 
This may be an inappropriate way to adjust the BHHI scoring. More appropriate way 
is to organize another workshop to invite professionals to weight the remaining 
factors again. However, time and resource are limited in this dissertation. In addition, 
BHHI is only a practical exercise in assessing building health and hygiene. For 
research study, limited adjustment is allowable provided that the adjusted index suits 
the purpose of the study. 
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The other adjustment is called ‘normalization’. One may notice from Session 2.2.3.2 
that the maximum Management scoring is 0.4673. A normalization process is done 
for the ease of understanding. 
 
MGT(normalized) = MGT(original) / 0.4673 ﹡100% 
 
After normalization, 1 will be the maximum of Management scoring (See Appendix 
VI). 
 
3.2.2 Independent Variables 
 
The independent variables will first be provided in a table format to give readers a 
clear idea of what they are. 
 
Independent Variables Meaning 
AGE Age of buildings 
DAGE Dummy variable which 1 represents building’s age is 
equal to or over 20 year, 0 otherwise 
FEE Management fee per square meter of buildings 
OI Dummy variable which 1 represents the presence of 
Owner’s Incorporation, 0 otherwise 
EST Dummy variable which 1 represents the building is 
of estate type, 0 otherwise 
Table 3.1 Choice of Independent Variables and Their Meanings 
 
Chapter 3 – Hypothesis & Methodology   
 40
(i) AGE and DAGE 
 
AGE is a continuous variable which denotes the age of the building on the releasing 
day of BHHI, i.e., 12 October 2003. DAGE is a dummy variable where 1 is building 
equals or is over 20 years old, 0 otherwise.  
 
This dissertation aims at finding out the age effect of old buildings on building health 
and hygiene. Therefore AGE will be multiplied with DAGE as an interaction term to 
see their joint effect on the dependent variable. 
 
(ii) Management Fee (FEE) 
 
A continuous independent variable, management fee (FEE), is added into the model to 
test its effect on management quality of health and hygiene. Management fee is 
measured as the money collected from the management agent per square meter term. 
 
(iii) Owners’ Incorporation (OI) 
 
It is a dummy variable where 1 represents the presence of OI of the building, and 0 
otherwise. The presence of OI is hypothesized to have negative impact on building 
health and hygiene. 
 
(iv) Estate Type of Building (EST) 
 
This is a dummy variable where 1 represents the building belongs to estate type of 
development, and 0 otherwise. Estate type development is believed to perform better 
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in building health and hygiene than single block building. 
 
3.3 The Regression Model 
 
Regression analysis is a simple but powerful statistical method in investigating 
functional relationships among variables. It is expressed in an equation or a model 
connecting the dependent variable, and some independent variables which affect the 
value of the former one. Whether the independent variables have positive or negative 
effect on the dependent variable can be found out. More importantly, the extent of 
how they affect the dependent variable can also be shown. In this dissertation, the 
author will use multiple regression analysis to determine the effect of each 
independent variable stated above on the health and hygiene performance of 
residential buildings in Hong Kong. First the author would like to briefly introduce 
how a regression analysis works. The equation used in the study will also be shown. 
 
3.3.1 Application of Regression Model 
 
The use of a regression model is to test the correlation among factors which may 
contribute to the variation of management score of BHHI. The factors include 
buildings age, presence of owners’ incorporation, management fee, and whether it is 
as estate or single block of development. The source of data will be discussed later in 
this session and the hypotheses of the effect of these independent variables on the 
dependent variable will be discussed in next chapter. 
 
In this dissertation, the empirical relationship between the management score and 
other related factors will be deduced by multiple regression analysis. After it has been 
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obtained, explanations will be given and recommendations can be given to relevant 
parties. 
 
3.3.2 Steps in Using Regression Model 
 
The steps of using regression model in this dissertation to solve the problem are 
discussed. 
 
3.3.2.1 Statement of Problem and Selection of Potentially Related Variables 
 
The question that the regression analysis will solve must be determined. Otherwise, 
effort in selecting variables and collecting data will be wasted. To formulate a 
well-defined question, hypothesis/es and assumptions should be made. Definition of 
the variables must be set. It has all been dealt with in the previous sessions. 
 
3.3.2.2 Model Specification and Expected Signs of Independent Variables 
 
The model is formed to relate the dependent variables to a set of independent 
variables. This model is still a hypothesized one. It can be confirmed (rather than 
‘proved’) or refuted by testing it with the collected data. 
 
Using the variables defined in session 3.2, the multiple regression model, in linear 
form, will be as follows: 
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MGT = f (DAGE*AGE2, OI, FEE, EST, EST*FEE, DAGE*OI) 
 
Where, 
MGT is management score in BHHI of the building 
AGE is the building age 
DAGE is a dummy variable where 1 means the building is 20 or over 20 years old, 0 
otherwise 
OI is a dummy variable where 1 means the building has OI, 0 otherwise 
FEE is the management fee per square meter of the building 
EST is a dummy variable where 1 means the building belongs to estate type 
development, 0 otherwise 
 
In this dissertation, AGE2 is used instead of AGE. The reason is that the effect of 
AGE on MGT may not be in linear form. Management scoring may decrease less or 
more than proportion as age increases. AGE2 is added to reduce the probability of 
linear relation. 
 
The expected signs for each independent variable are shown in Table 3.2 
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Independent Variables Definitions Expected Sign 
DAGE * AGE2 Interaction term of DAGE and AGE2 -ve 
OI Presence of Owners’ Incorporation -ve 
FEE Management fee level (per square 
meter) 
+ve 
EST Estate type development +ve 
EST * FEE Interaction term of EST and FEE -ve 
DAGE * OI Interaction term of DAGE and OI +ve 
Table 3.2 Expected Signs of Independent Variables 
 
3.3.2.3 Collecting Data 
 
After the model is specified, data is to be collected to test the validity of the model. 
Most data in this dissertation comes from the pilot study of BHHI. 
 
As discussed in the Chapter 2, raw data is collected at the fifth and lowest level in the 
BHHI hierarchy. It formed the basis of BHHI scoring. Raw data is collected mainly 
from 4 channels: 
 
(i) Desk Search 
 
To assess the Design aspect of buildings, approved plans in the Buildings Department 
were called. Architectural layouts, e.g., gross floor area, total window area, lift lobby 
area, were extracted from the approved plans. Since one development might submit 
many sets of approved plans, the most updated one was used. 
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Land search was performed to the Land Registry. The objective was to determine 
whether the building had DMC. Some old residential buildings in Hong Kong do not 
have DMC. Responsibility of occupants to maintain common area conditions is not 
defined. 
 
Street map was also used in data extraction. The reason to measure street map was 
mainly for the external environment of the buildings. Distance to the nearest buildings, 
green features, major roads, refuse collection point, etc., were measured. Since 
student helpers were divided into groups, it was impossible for them to use the same 
version of street map. They were advised to use the most recent street map to avoid 
differences. 
 
Several government departmental websites were visited to extract their data. The 
Environmental Protection Department was visited to search data on district air 
pollution index. Area Ovitrap Index, which indicates extensiveness of the distribution 
of Aedine mosquitoes in that particular area, was extracted from Food and 
Environmental Hygiene Department. Data of Fresh Water Plumbing Quality 
Maintenance Recognition Scheme, which shows the quality of water at the taps, were 
extracted form the Water Supplies Department. 
 
Other homepages, for example, Centamap10 and YPmap11, were visited. Data such as 
building age, number of flats in the buildings, district population density was found 
out. 
                                                
10 http://www.centamap.com 
11 http://www.ypmap.com 
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(ii) Site Visit 
 
The purpose of site visit was to extract raw data which could not be seen on plans. 
Mostly they were building services, for example, the characteristics of the drainage 
system, including the presence of hopper, lower floor offset. Some architecture 
layouts such as window surround were also collected from site visit. 
 
Hygiene condition of the building would also be assessed by site visit. However, it 
must be noticed that helpers were only able to assess the hygiene condition at single 
point of time. If the management agent just performed cleaning in common area 
before site visiting, the helpers would give a higher mark in this aspect, vice versa. 
This problem could not be avoided as it was impossible and impractical to update the 
scoring everyday. 
 
(iii) Interviewing Management Agent 
 
Helpers would arrange an interview with personnel of property management agent of 
the building. The main purpose was to extract data on the practices of the 
management agent, e.g., frequency of cleaning common area, pest control, 
management fee, and presence of owners’ incorporation. 
 
(iv) Questionnaire to Occupants 
 
Helpers also conducted questionnaire surveys to the occupants. This part, although 
not used as formal scoring of the index, provided a validation of the data provided by 
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the management agents. 
 
After all raw data was collected, it was attached with different weightings and the 
final index came out. In this dissertation, only the scoring in Management aspect, with 
2 adjustments discussed before, was used to run the model. 
 
There are in total 61 observations used in this dissertation, which included 57 released 
buildings in BHHI pilot study, plus 4 unreleased buildings (Appendix IV). 
 
3.3.2.4 Fitting Method and Running Regression 
 
After the model is defined and data is collected, the next step is to fit the model and 
run the regression analysis. 
 
To fit the model, Ordinary Least Squares (OLS) Technique will be used. An OLS 
regression model assumes the dependent variable is a linear function of the 
independent variables. The independent variables are presumed collectively to cause 
change in the dependent variable. The advantage of OLS technique is that it estimates 
the true but unobservable function by a regression equation. It minimizes the residual 
sum of squares (sum of squares of the differences between the actual and the forecast 
values of dependent variable). 
 
Now the model can be fit to the collected data to see the result. It can be carried out 
by suitable software such as Microsoft Excel. The author uses Eview Version 4.0 to 
read or import the data that is in form of spreadsheet. 
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3.3.2.5 Interpreting the Result 
 
The results generated by Eview are some numbers. The numbers themselves, however, 
do not tell anything. They need to be interpreted to show in which direction (i.e. 
positive or negative) the independent variables affect the dependent variable, whether 
the independent variables are significant in explaining the dependent variable, and the 
explaining power of the whole model. For detailed explanations of the method of 
interpretation, please refer to Appendix VIII. 
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Chapter 4 - Empirical Results, Discussions and 
Recommendations 
 
Results of the regression model are discussed in this chapter. There are in total 61 data 
sets to generate the results. Statistical results of the whole model will be analyzed, so 
is each independent variable. Some recommendations will also be given. 
 
4.1 Descriptive Statistics 
 
Some descriptions of the data in terms of means, maximum values, minimum values 
and standard deviations are presented in Table 4.1. Only those continuous variables 
will be shown. It is meaningless to show, say, mean, of a dummy variable. 
 
Variables Definitions Mean Maximum Minimum Standard 
Deviation 
MGT BHHI 
Management 
Scoring 
0.602903 
 
0.912219 
 
0.032617 
 
0.2368 
 
AGE Ages of buildings 
on 12 October 
2003 
20.16393 
 
47 1 13.7710 
 
FEE Management fee 
level (per square 
meter) 
14.28554 
 
44.07 0 8.81887 
 
Table 4.1 Descriptive Statistics of Data Collected 
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4.2 Empirical Results 
 
The result, generated by the statistical software, Eview Version 4.0, is shown in Table 
4.2. The confidence level at which a variable is discovered to be significant is also 
included in the table. 
 
Dependent Variable: MGT 
Method: Least Squares 
Sample: 1 61 
Included observations: 61 
Variable Coefficient Std. Error t-Statistic Prob. 
DAGE*AGE^2 -8.94E-05 1.89E-05 -4.720445 0.0000*** 
OI -0.044592 0.021862 -2.039723 0.0463** 
FEE 0.003159 0.001704 1.854339 0.0692* 
EST 0.136961 0.037905 3.613245 0.0007*** 
EST*FEE -0.004548 0.001918 -2.370925 0.0213** 
DAGE*OI 0.053812 0.024202 2.223454 0.0304** 
C 0.243913 0.037113 6.572209 0.0000 
R-squared 0.838038 Mean dependent var 0.281737 
Adjusted 
R-squared 
0.820042 S.D. dependent var 0.110673 
S.E. of regression 0.046949 Akaike info criterion -3.171878 
Sum squared resid 0.119029 Schwarz criterion -2.929646 
Log likelihood 103.7423 F-statistic 46.56842 
Durbin-Watson stat 2.113732 Prob(F-statistic) 0.000000 
Table 4.2 Summary Table of the Model 
( Note: *, ** and *** indicates significance at 0.1, 0.05 and 0.01 levels 
respectively ) 
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The equation being estimated, with their expected signs, is: 
 
MGT = C – 0.0001 DAGE*AGE2 – 0.044 OI + 0.003 FEE 
+ 0.137 EST – 0.005 EST*FEE + 0.05 DAGE*OI 
 
The adjusted R2 is 0.820042, which can be interpreted that 82% of the dependent 
variable, management scoring, can be explained by the independent variables. 
 
An 82% adjusted R2 is quite satisfactory in statistical model. The problem, however, 
is that no other similar model can be compared since it is a pilot study in this topic. 
 
4.3 Discussions of Independent Variables 
 
All independent variables are significant as shown, although they differ in confidence 
level. DAGE * AGE2 and EST are significant at 99% confidence level. OI, EST *FEE 
and DAGE*OI are significant at 95% confidence level, and FEE is significant at 90% 
confidence level. It shows that they are quite significant in the analysis. The 
significances of each of them will be discussed and brief explanations will be given. 
 
4.3.1 DAGE * AGE2 
 
This interaction term of DAGE and AGE2 shows a negative sign to the management 
score of BHHI as expected. It can be interpreted that for buildings over 20 years old, 
the effect of building age on management quality on health and hygiene is negative 
and not in a linear form. The management quality on health and hygiene decreases 
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more than proportion as age increases. The author has tried to add DAGE * AGE into 
the model. However, this interaction term is not significant in the analysis and affects 
the significances of other independent variables. Therefore, it is extracted out from the 
regression model. 
 
4.3.2 OI and DAGE * OI 
 
The sign of OI is negative and statistical significant at 95% confidence level. It means 
that the presence of owners’ incorporation, rather than helping to improve building 
management on health and hygiene, indeed has negative effect on it. This may be 
used to refute the claims by the government that establishing OI can improve building 
management and maintenance. 
 
On the other hand, for the interaction term, DAGE * OI, it shows a positive sign and is 
significant at 95% confidence level. It can be explained that for buildings over 20 
years in age, the presence of OI can improve the management quality on health and 
hygiene. 
 
The reason of this diverse result may lie in the empirical data. From the data set, there 
are 40 observations without the presence of OI. Among those 31 of them are managed 
by property management companies. Most of them are experienced property 
management companies like Hong Yip Service Co. Ltd., MTR Property Management, 
Shui On Property Ltd. The management scores of BHHI of these buildings are more 
than 0.6. These buildings performs well in health and hygiene standard without the 
presence of OI. On the other hand, there are 9 observations in the data set that are 
managed solely by OI without the presence of property management companies. The 
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performances of these OIs, however, are not that good. None of the management 
scores of BHHI of these buildings exceed 0.41. It results in buildings without OIs 
scoring higher in management, and buildings with OIs scoring lower. 
 
Then, can it be deduced that the establishment of OI should be discouraged, based on 
the result of this analysis? It should not be conclusive until the next independent 
variable is discussed. 
 
The author adds an interaction term of DAGE * OI. It shows a positive sign and is 
significant at 95% confidence level. It means that for buildings over 20 years in age, 
the presence of OI can help improving management quality on health and hygiene. 
Some of these buildings are not managed by property management company. The 
presence of OI becomes important, as it can at least carry out daily practice like 
removing garbage and cleaning the foyer. The management scores of these buildings 
are higher than those without OI and property management company. Therefore, the 
presence of OI has value to old buildings. 
 
However, from the data set, buildings with property management company usually 
score high marks in BHHI. The presence of property management company may be a 
more significant factor on building health and hygiene than the presence of OI. 
 
4.3.3 FEE 
 
This variable shows the effect of management fee on management score of BHHI. 
The regression coefficient is significant at 90% confidence level and positive in sign. 
It is interpreted that buildings with higher management fee performs better in building 
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health and hygiene. The reason has been discussed in Chapter 2. Since the 
management agent possesses more financial resources, it can employ more staff to 
carry out daily operations. 
 
4.3.4 EST 
 
The result shows that it is highly significant and in positive sign. There are many 
reasons contributing to it. Usually estate type development occupies a larger site area, 
where open space is provided. Landscape area is designed to make the development 
more ‘green’. Trees are planted. Sport facilities, such as basketball court, swimming 
pool, gymnasium, are built. Open space is regarded one of the environmental qualities 
contributing to occupants’ health (Ho et al, forthcoming). This analysis gives a 
supportive argument to this statement. 
 
The other reason may be that most estate type developments are managed by property 
management company. From the data set, 40 buildings are of estate type development, 
and 35 of them are managed by property management companies. Although statistical 
relation is not shown in this dissertation, the presence of property management 
company may contribute to better management quality of estate type development as 
management company possesses more staff members, financial resources and 
expertise. 
 
4.3.5 EST * FEE 
 
Although it is deduced that the higher the level of management fee the higher the 
management score in previous session, the joint effect of management fee and estate 
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type development shows a different result. This interaction term has negative sign and 
is highly significant. It is interpreted that for estate type development, the lower the 
management fee level, the higher the management score. It seems not logical that 
buildings with lower management fee perform better in building health and hygiene. 
The characteristics of estate type development must be illustrated. 
 
For estate type developments, usually they have large number of flats. In the data set, 
the largest estate, Richland Garden in Kwun Tong, consists of 5904 flats. The effect 
of large number of flat is that more flats share the burden of contribution to financial 
resource. Therefore, the management fee level per square meter should not be 
considered alone. The total contribution of management fee should be taken into 
account. 
 
Due to resource limitation, the effect of total management fee contribution cannot be 
tested in this dissertation. It can be left for future study area. 
 
4.4  Recommendations 
 
Several key determinants of hygienic factors of residential buildings in Hong Kong 
have been identified in the test results. The question remains is: how can the building 
hygienic condition to be improved? Some determinants, such as building age and 
estate type development, cannot be altered. For the others, efforts can be done to raise 
the hygienic standards. 
 
Recommendations are given by many parties. At management level, Turner et al. 
(1994) proposes that a property manager should carry out environmental audit to 
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verify the adequacy of clean up works, although it may increase management costs. 
The aim of this environmental system is to assess the environmental risks of property 
ownership. 
 
At operation level, the Home Affairs Department provides some basic daily operation 
of building management on environmental hygiene12. It includes: 
 
- Every household should have a covered rubbish bin of appropriate size, 
which should be cleared by cleaning workers at a fixed time everyday. The 
rubbish bins must not be placed in common corridors and passage ways as 
this will cause obstruction and attract rats and other pests; 
 
- Common refuse chutes and refuse collection chambers in the building should 
be regularly cleaned up and maintained; 
 
- Refuse which has accumulated in the surface channels of corridors, rooftops, 
podiums and courtyards should be immediately cleared to avoid blockage. 
Blockage should be cleared at once; 
 
- Accumulated refuse on the canopies of flats should be cleared by the relevant 
occupants. Alternatively, the Management Office may regularly arrange a 
special clearance service; 
 
- Open areas of the building, such as rooftops, light wells, gardens and 
podiums should be frequently checked to prevent accumulation of stagnant 
                                                
12 “Building Management”, Printing Department, 2000 
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water and the breeding of mosquitoes; 
 
- Furniture and other bulky items should not be left to cause obstruction to fire 
escapes. Wherever necessary, the Management Office may devise a 
clearance schedule for occupants to dispose of them on a regular basis. The 
cost incurred may be shared among occupants in proportion to the number of 
items removed; and 
 
- Objects with pointed or sharp edges or of a hazardous nature (such as 
inflammable or corrosive materials) should be separately packed and 
disposed of. Refuse like newspapers, plastics, metal cans and glass bottles 
should as far as possible be separated from other kinds of rubbish for 
recycling. 
 
Exner et al. (2001) believes that incident outbreak management is essential to control 
infectious diseases. After the outbreak of SARS in Hong Kong, Operation UNITE is 
formed to promote outbreak management in different industries. Several reactions can 
be done when infectious diseases happen (Operation UNITE, 2003): 
 
• All cleaning staff should check their body temperature before going to work. 
If they develop symptoms like fever, cough, the manager should report in line 
with the Department of Health directives; 
 
• A central task forces including residents, representatives from Incorporated 
Owners, and property management committee should be set up to monitor 
developments of disease and implement contingency measures. 
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• Clean and disinfect public areas, e.g., main entrance lobbies, lifts and 
escalators, at least four times a time with diluted household bleach (1 part 
bleach mixed with 99 parts water). Pay special attention to door handles, 
handrails, public telephones, etc. 
 
• Dispose of waste into foot-pedal trash bins and seal trash bags properly. Wash 
refuse collection chambers and related facilities at least twice a day. Wash 
hands thoroughly afterward. 
 
• All duty cleaning staff should always wear facemasks. 
 
The daily practices and outbreak management discussed here are not exhaustive. 
However, it serves as a code of practice for all management agents to follow. It is 
especially useful for OIs, since most of them lack experience and expertise in property 
management field. By carry out these practices, a minimum standard of hygienic 
condition can be guaranteed. 
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Chapter 5 - Conclusion 
 
In the previous chapters, literature review has been conducted on building health and 
hygiene. A regression model is developed and tested against a set of data. This 
chapter reviews the present research by restating the objectives, summarizing relevant 
findings, and giving recommendations to relevant parties. Limitations of the study and 
further research areas are also suggested. 
 
5.1 Review of the Research 
 
The objectives of the research are firstly to examine the relationship among health, 
hygiene, and housing environment. Then, factors affecting hygienic standard of 
residential buildings are identified to provide the theoretical framework for this 
dissertation. 
 
Literature was reviewed in relation to the concepts of health and hygiene, and their 
relations to the housing environment. Although the existing literature revealed quite 
an abstract relationship, generally it was believed that hygienic conditions of housing 
environment affect the occupants’ health. By making the housing environment 
hygienic (or ‘clean’), occupants could enjoy a healthier living condition. Different 
building environmental assessment methods were then reviewed. In the last part of the 
review, several factors from literature, which were believed affecting the hygiene 
standard of residential buildings, were given. 
 
Multiple linear regression model was adopted in this dissertation. It was a simple but 
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powerful statistical tool to assess the relationship of a set of independent variables to 
the dependent variable. Independent variables were chosen from previous literature 
and the author’s observation, while the dependent variable was adopted from the 
BHHI Management scores with adjustments. Hypotheses were set and descriptive 
statistics of the data set were given. 
 
The result of the regression analysis confirmed the hypotheses. Building age, 
management fee, presence of owners’ incorporation, estate type development were all 
tested significant to the BHHI Management scores. Explanations and problems were 
discussed on each independent variable. 
 
5.2 Implications of the Research 
 
The aftermath of SARS raises public awareness on hygienic standards of residential in 
Hong Kong. This dissertation provides an initial study on some hygienic determinants 
of residential in Hong Kong. 
 
(i) Hygienic Determinants of Residential Buildings 
 
Four determinants, namely, building age, owners’ incorporation, management fee, and 
estate type development, are tested to be significant in explaining hygiene standards 
of residential buildings. They can be used to identify those high-risk residential 
buildings with respect to hygienic conditions, which need immediate concerns from 
the occupants and relevant Government departments.  
 
(ii) Importance of Property Management Company 
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The importance of OI is not as strong as the Government claims, as shown in the test 
result in this dissertation. It can improve buildings’ hygiene conditions for buildings 
over 20 years old. However, for all buildings in the data set, the presence of OI shows 
a negative impact. From the empirical data, the presence of property management 
company maybe a more significant factor than the presence of OI, although it has not 
been tested in this dissertation. Property management company possesses a stronger 
financial background and expertise in property management. It is suggested that a 
mere establishment of OI is not enough for improving building’s hygiene. The OI 
should learn from the expertise of property management companies in carrying out 
daily operations of building management and maintenance. 
 
5.3 Limitations of the Research 
 
Limitations exist in nearly all study. They are discussed in this session. 
 
(i) Adjustments of BHHI Management scores 
 
The BHHI Management scores were adjusted in this dissertation. Two factors were 
singled out and their weightings were shared among the remaining factors and were 
put as independent variables. This, however, may not be an appropriate way. The 
reason for doing this is to save effort. Experts should be invited to give weightings on 
the remaining factors and a new management scoring should be formed. 
 
(ii) Data Set 
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The data set used in this dissertation is from the pilot study of BHHI. There are only 
61 observations available, which is insufficient for cross-sectional analysis. In 
addition, among those 61 observations, 26 of them belong to 5 estate type 
developments. The data set is unable to cover wide ranges of buildings. Due to time 
and resource constraint, this problem cannot be avoided. 
 
5.5 Areas for Further Study 
 
The hierarchy of BHHI is still at evolving stage. Factors has been singled out and/or 
put into it. Up to this stage, the management fee level and some other factors have 
been singled out from the BHHI. The new Management scores, however, has not yet 
released. For future study, the same regression model can be run again, with a more 
appropriate and reliable dependent variable. 
 
In addition, BHHI is a continuous process carried out by the Faculty of Architecture, 
HKU. The data set will be enlarged from time to time. Therefore, the same analysis 
can be done when more observations are available. Results of the independent 
variables may be found out to be different from that of this dissertation. 
 
This dissertation only establishes linkage between the hygienic standard and the 
building environment. To what extent it affects occupants’ health has yet been shown. 
This involves a larger research area of study because the effect of housing 
environment has to be singled out from other environments, for example, the 
workplaces of the occupants. By conducting research in this area, the whole picture of 
hygiene, health and housing condition is said to be completed.
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Appendix I 
Complete List of Factors in BHHI Hierarchy 
 
Factors Descriptions 
Design 
Architecture 
A Flat Size A1 Usable floor area 
B Plan Shape B1 Number of flats per storey 
  B2 Building footprint area per 
total number of flats  
  B3 Number of flats on each 
floor per lift lobby area 
  B4 Re-entrant provision and 
shape (depth over width) 
  B5 Habitable rooms facing 
re-entrant 
C Headroom C1 Floor-to-floor height 
D Lighting and ventilation D1 Window-to-floor area ratio  
  D2 Provision of 
cross-ventilating windows 
  D3 Upper floor lift lobby 
ventilation 
E Noise reduction E1 Window-to-wall area ratio 
F Green features F1 Number of balconies per flat 
  F2 Provision of sky garden 
  F3 Provision of A/C platform or 
hood 
Building Services 
G Water supply G1 Pipe material 
H Drainage H1 Hopper provision 
  H2 Provision of lower floor 
offset 
  H3 Pipe exposed inside flats 
  H4 Provision of A/C condensate 
pipe drain 
I Refuse disposal I1 Provision of refuse chute 
J Lift J1 Number of lifts over total no. 
of flats 
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   Provision of service lift 
External Environment 
K Density K1 District population density 
  K2 Open area (podium) per total 
no. of flats 
L Amenities / Disamenities L1 Distance to service lane 
  L2 Distance to green 
environment 
  L3 Distance to street wet market 
  L4 Distance to refuse collection 
point 
M Air / Aural quality M1 District-level air pollution 
index (API) 
  M2 Road traffic volume (number 
of lanes) 
  M3 Distance to major roads 
N Visual quality N1 Distance between buildings 
  N2 Number of storey of the 
nearest building 
  N3 Provision of advertisement 
signs (size and number) 
O Thermal comfort O1 Urban heat island 
Management 
Operations and Maintenance 
P Cleaning P1 Frequency of cleaning 
(common area) 
  P2 Hygiene conditions 
Q Pest control Q1 Frequency of pest control 
  Q2 Area Ovitrap Index (%) 
R Refuse handling R1 Frequency of refuse removal 
S Maintenance standard S1 Provision of planned 
maintenance 
  S2 Severity of drainage 
problems 
  S3 Drainage outlets clear of 
rubbish 
T Unauthorized alterations T1 Presence of UBW affecting 
drainage 
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  T2 Presence of UBW affecting 
L&V 
U Water quality U1 WSD Quality Certificate 
Building Management 
V Adequacy of DMC  Presence of DMC 
W FM / IO arrangement  Presence of owners' agent 
   Presence of property 
management companies 
   Management fee per month 
per square meter 
   Presence of financial reserve 
for future use 
X Emergency procedures  Provision of emergency plan 
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Appendix II 
Result of AHP of BHHI Workshop on 26th July, 2003 
 
Factors Weightings 
Design 
Architecture  
A Flat size 2.53% 
B Plan Shape 3.48% 
C Headroom 2.04% 
D Lighting and ventilation 5.07% 
E Noise reduction 3.38% 
F Green features 1.38% 
Building Services  
G Water supply 5.57% 
H Drainage 6.81% 
I Refuse disposal 4.71% 
J Lift 2.20% 
External Environment  
K Density 1.92% 
L Amenities 1.67% 
M Air / aural quality 7.75% 
N Visual quality 1.62% 
O Thermal comfort 2.80% 
Management 
Operations and Maintenance  
P Cleaning 5.12% 
Q Pest control 3.07% 
R Refuse handling 4.63% 
S Maintenance standard 4.04% 
T Unauthorized alterations 4.55% 
U Water quality 5.67% 
Building Management  
V  Adequacy of DMC 6.79% 
W FM / IO arrangement 7.92% 
X Emergency procedures 4.62% 
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Appendix III 
Complete List of Buildings assessed in BHHI in 2003 (in alphabetical order) 
 
Name of Buildings Address 
1-16 Wan Tat Street 1-16 Wan Tat Street, Tu Kwan Wan 
2 Wan Fuk Street & 22,24 Wan On 
Street & 1 Wan Shun Street 
2 Wan Fuk Street & 22,24 Wan On 
Street & 1 Wan Shun Street, Tu Kwan 
Wan 
6 Chun Wing Street 6 Chun Wing Street, Tai Kok Tsui 
8,10 Wan Shun Street & 7,9 Wan King 
Street 
8,10 Wan Shun Street & 7,9 Wan King 
Street, Tu Kwan Wan 
13 Chun Wing Street 13 Chun Wing Street, Tai Kok Tsui 
28 Hoi King Street 28 Hoi King Street, Tai Kok Tsui 
52-54 Johnston Road 52-54 Johnston Road, Wan Chai 
68 Cherry Street 68 Cherry Street, Tai Kok Tsui 
Bauhinia Garden, Tower 1 11 Tong Chun Street, Tseung Kwan O 
Bauhinia Garden, Tower 2 11 Tong Chun Street, Tseung Kwan O 
Bauhinia Garden, Tower 3 11 Tong Chun Street, Tseung Kwan O 
Bauhinia Garden, Tower 4 11 Tong Chun Street, Tseung Kwan O 
Bauhinia Garden, Tower 5 11 Tong Chun Street, Tseung Kwan O 
Bauhinia Garden, Tower 6 11 Tong Chun Street, Tseung Kwan O 
Bauhinia Garden, Tower 7 11 Tong Chun Street, Tseung Kwan O 
Bauhinia Garden, Tower 8 11 Tong Chun Street, Tseung Kwan O 
Bay View Garden 2 Wing Ting Road, Ngau Chi Wan 
Carson Mansion 52 Lo Tak Court, Tsuen Wan 
Chung Yew Building 75 Kok Cheung Street,Tai Kok Tsui 
Diamond Court 10-12 Hillwood Road, Tsim Sha Tsui 
Elegant Garden 409 Queen's Road West 
Flordia Mansion 33-35 Hillwood Road, Tsim Sha Tsui 
Fortune Court 4-6 Tak Hing Street, Tsim Sha Tsui 
Fortune Terrace 4-16 Tak Shing Street, Tsim Sha Tsui 
Grand Tower, Block A 
15-23 Luen Wo Road, Luen Wo Market, 
Fanling 
Grand Tower, Block B 
15-23 Luen Wo Road, Luen Wo Market, 
Fanling 
Hillview Garden 72 Hill Road, Sai Wan 
Hong Sing Garden, Block 1 Po Lam Road South, Tseung Kwan O 
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Hong Sing Garden, Block 2 1 Po Lam Road South, Tseung Kwan O 
Hong Sing Garden, Block 3 1 Po Lam Road South, Tseung Kwan O 
Hong Sing Garden, Block 4 1 Po Lam Road South, Tseung Kwan O 
Hong Sing Garden, Block 5 1 Po Lam Road South, Tseung Kwan O 
Le Sommet, Block 2 28 Fortress Hill Road, North Point 
Luk Yeung Sun Chuen, Block C 22-66 Wai Tsuen Road, Tsuen Wan 
Luk Yeung Sun Chuen, Block K 2-66 Wai Tsuen Road, Tsuen Wan 
Luk Yeung Sun Chuen, Block P 22-66 Wai Tsuen Road, Tsuen Wan 
Lung Fung Garden, Block A 33 Lung Sum Avenue, Sheung Shui 
Mong Kok Building 97 Mong Kok Road, Mong Kok 
Richland Gardens, Tower 4 80 Wang Kwong Road 
Richland Gardens, Tower 6 80 Wang Kwong Road 
Richland Gardens, Tower 8 80 Wang Kwong Road 
Richland Gardens, Tower 16 80 Wang Kwong Road 
Richland Gardens, Tower 19 80 Wang Kwong Road 
Richland Gardens, Tower 21 80 Wang Kwong Road 
San Fung Building 33 San Fung Avenue, Sheung Shui 
Scenic View 63 Fung Shing Street, Ngan Chi Wan 
Shing Kai Mansion 13-15A Babington Path 
Springfield Garden 11 Yuen Chau Kok Road, Sha Tin 
The Parcville, Block 3 33 Yuen Long Kau Hui Road, Yuen 
Long 
Tsuen Wan Plaza, Block 2 4-30 Tai Pa Street, Tsuen Wan 
U-C Court 25 Stanley Market Road, Stanley 
Verbena Heights 8 Mau Tai road, Tseung Kwan O 
Wing Fai Garden 29-35 Ting Kok Road, Tai Po 
Wing Hing Lung Building 246- 248 Sai Yeung Choi Street South 
World Wide Gardens, Block 1 4 Lung Pak Street, Shatin 
World Wide Gardens, Block 4 4 Lung Pak Street, Shatin 
Yen Wai Garden 24 Heung Shing Street, Tsuen Wan 
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Appendix IV 
List of Unreleased Buildings 
 
Name of Buildings Address 
Moonway Mansion 48 Yuet Wah Street, Kwun Tong 
Kai King Building 12 Yuet Wah Street, Kwun Tong 
Kai Tin Tower 65-67 Kai Tin Road, Lan Tin 
Kung Lok Building 44, Kung Lok Road, Kwun Tong 
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Appendix V 
Original BHHI Management Scoring and Scoring after OI and Management Fee 
are Singled Out and Their Percentage Difference 
 
Observation 
Original Management 
Score 
New Management 
Score 
Percentage 
Difference 
1 0.3398 0.3479 2.38% 
2 0.3128 0.3083 -1.42% 
3 0.2344 0.2435 3.91% 
4 0.3292 0.3207 -2.56% 
5 0.1079 0.1079 0.00% 
6 0.3172 0.3168 -0.13% 
7 0.0432 0.0432 0.00% 
8 0.1015 0.1015 0.00% 
9 0.0432 0.0432 0.00% 
10 0.2705 0.2830 4.63% 
11 0.3007 0.2958 -1.62% 
12 0.3007 0.2958 -1.62% 
13 0.3426 0.3452 0.76% 
14 0.3582 0.3745 4.54% 
15 0.3356 0.3519 4.85% 
16 0.3582 0.3745 4.54% 
17 0.3310 0.3473 4.91% 
18 0.3440 0.3606 4.82% 
19 0.3379 0.3532 4.54% 
20 0.3397 0.3550 4.52% 
21 0.3397 0.3550 4.52% 
22 0.3397 0.3550 4.52% 
23 0.3397 0.3550 4.52% 
24 0.3397 0.3550 4.52% 
25 0.3397 0.3550 4.52% 
26 0.3397 0.3550 4.52% 
27 0.1326 0.1280 -3.42% 
28 0.1482 0.1465 -1.17% 
29 0.1794 0.1826 1.78% 
30 0.3169 0.3242 2.30% 
31 0.3451 0.3531 2.31% 
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32 0.2122 0.2078 -2.10% 
33 0.3479 0.3630 4.33% 
34 0.3390 0.3475 2.50% 
35 0.3167 0.3240 2.31% 
36 0.2071 0.1900 -8.26% 
37 0.3310 0.3466 4.72% 
38 0.3310 0.3466 4.72% 
39 0.3314 0.3464 4.54% 
40 0.3314 0.3464 4.54% 
41 0.3310 0.3466 4.72% 
42 0.3312 0.3466 4.64% 
43 0.1792 0.1763 -1.63% 
44 0.2169 0.2134 -1.63% 
45 0.4105 0.4263 3.83% 
46 0.3571 0.3729 4.41% 
47 0.3571 0.3729 4.41% 
48 0.1865 0.1713 -8.19% 
49 0.0291 0.0291 0.00% 
50 0.0902 0.0902 0.00% 
51 0.3314 0.3263 -1.56% 
52 0.3442 0.3519 2.22% 
53 0.0152 0.0152 0.00% 
54 0.3956 0.4092 3.46% 
55 0.3264 0.3425 4.93% 
56 0.4095 0.4249 3.75% 
57 0.0256 0.0256 0.00% 
60 0.2056 0.2032 -1.18% 
61 0.2720 0.2711 -0.36% 
62 0.3350 0.3326 -0.73% 
63 0.2887 0.2852 -1.22% 
Average 0.2753 0.2817 1.69% 
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Appendix VI 
BHHI Management Scoring before and after Normalization 
 
Observation 
Management Score before 
Normalization 
Management Score after 
Normalization 
1 0.3479 0.7445 
2 0.3083 0.6597 
3 0.2435 0.5211 
4 0.3207 0.6863 
5 0.1079 0.2309 
6 0.3168 0.6779 
7 0.0432 0.0924 
8 0.1015 0.2172 
9 0.0432 0.0924 
10 0.2830 0.6056 
11 0.2958 0.6330 
12 0.2958 0.6330 
13 0.3452 0.7387 
14 0.3745 0.8014 
15 0.3519 0.7530 
16 0.3745 0.8014 
17 0.3473 0.7432 
18 0.3606 0.7717 
19 0.3532 0.7558 
20 0.3550 0.7597 
21 0.3550 0.7597 
22 0.3550 0.7597 
23 0.3550 0.7597 
24 0.3550 0.7597 
25 0.3550 0.7597 
26 0.3550 0.7597 
27 0.1280 0.2739 
28 0.1465 0.3135 
29 0.1826 0.3908 
30 0.3242 0.6938 
31 0.3531 0.7556 
32 0.2078 0.4447 
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33 0.3630 0.7768 
34 0.3475 0.7436 
35 0.3240 0.6933 
36 0.1900 0.4066 
37 0.3466 0.7417 
38 0.3466 0.7417 
39 0.3464 0.7413 
40 0.3464 0.7413 
41 0.3466 0.7417 
42 0.3466 0.7417 
43 0.1763 0.3773 
44 0.2134 0.4567 
45 0.4263 0.9123 
46 0.3729 0.7980 
47 0.3729 0.7980 
48 0.1713 0.3666 
49 0.0291 0.0623 
50 0.0902 0.1930 
51 0.3263 0.6983 
52 0.3519 0.7530 
53 0.0152 0.0325 
54 0.4092 0.8757 
55 0.3425 0.7329 
56 0.4249 0.9093 
57 0.0256 0.0548 
58 0.2032 0.4349 
59 0.2711 0.5801 
60 0.3326 0.7117 
61 0.2852 0.6104 
Average 0.2817 0.6029 
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Appendix VII 
Complete List of Data Set 
 
Observation MGT FEE AGE DAGE EST OI 
1 0.7445 18.4 28 1 0 1 
2 0.6597 17.32 7 0 1 1 
3 0.5211 14.16 29 1 0 1 
4 0.6863 32.88 10 0 0 1 
5 0.2309 0 47 1 0 0 
6 0.6779 26.56 21 1 0 0 
7 0.0924 0 47 1 0 0 
8 0.2172 0 47 1 0 0 
9 0.0924 0 47 1 0 0 
10 0.6056 26.05 10 0 0 0 
11 0.6330 44.07 10 0 1 0 
12 0.6330 44.07 10 0 1 0 
13 0.7387 14.83 13 0 0 0 
14 0.8014 11.46 14 0 1 0 
15 0.7530 11.46 14 0 1 0 
16 0.8014 11.46 14 0 1 0 
17 0.7432 11.46 14 0 1 0 
18 0.7717 10.3 14 0 1 0 
19 0.7558 15.05 2 0 1 0 
20 0.7597 15.05 2 0 1 0 
21 0.7597 15.05 2 0 1 0 
22 0.7597 15.05 2 0 1 0 
23 0.7597 15.05 2 0 1 0 
24 0.7597 15.05 2 0 1 0 
25 0.7597 15.05 2 0 1 0 
26 0.7597 15.05 2 0 1 0 
27 0.2739 17.7 26 1 0 1 
28 0.3135 6.75 33 1 0 1 
29 0.3908 12.51 39 1 1 0 
30 0.6938 21.53 3 0 1 1 
31 0.7556 18.86 24 1 1 1 
32 0.4447 17.42 30 1 0 1 
33 0.7768 16.15 11 0 1 0 
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34 0.7436 16.89 13 0 1 1 
35 0.6933 21.48 18 0 0 1 
36 0.4066 16.82 15 0 1 1 
37 0.7417 13.99 17 0 1 0 
38 0.7417 13.99 17 0 1 0 
39 0.7413 16.27 17 0 1 0 
40 0.7413 16.27 17 0 1 0 
41 0.7417 13.99 17 0 1 0 
42 0.7417 14.92 17 0 1 0 
43 0.3773 11.39 28 1 0 1 
44 0.4567 13.8 30 1 0 1 
45 0.9123 13.5 18 0 1 0 
46 0.7980 13.5 20 1 1 0 
47 0.7980 13.5 20 1 1 0 
48 0.3666 9.65 38 1 0 1 
49 0.0623 0 36 1 0 0 
50 0.1930 0 44 1 0 0 
51 0.6983 20.18 23 1 1 1 
52 0.7530 20.18 22 1 1 1 
53 0.0325 0 44 1 0 0 
54 0.8757 21.528 3 0 1 0 
55 0.7329 12.11 12 0 1 0 
56 0.9093 15.07 1 0 1 0 
57 0.0548 0 44 1 0 0 
58 0.4349 9.48 32 1 1 1 
59 0.5801 3.87 38 1 0 1 
60 0.7117 9.51 23 1 1 1 
61 0.6104 13.73 28 1 1 1 
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Appendix VIII 
Regression Model Interpretation and Test Statistics 
 
Estimated Partial Regression Coefficients 
 
The estimated partial regression coefficients (or simply regression coefficients) are 
extremely important in any linear regression analysis. By examining the regression 
coefficients, hypotheses may be supported or rejected (Eastman, 1984). Regression 
coefficients can be thought as ‘weights’ showing how movements in the independent 
variables induce movement in the dependent variable. Giving the readers an example: 
 
C = 10000 + 256.34F + U 
 
Where, 
 
C is the dependent variable, construction cost 
F is the independent variable, floor level 
U is the error term 
 
The regression of coefficients of F, in this formula, will be 256.34. The meaning 
should be interpreted that for every one unit increase in floor level, the dependent 
variable, i.e. the construction cost, will be increased by 256.34 units. 
 
T-statistics 
 
To test the significance of the effect of each independent variable, t-statistics is used. 
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The value of t depends on the regression coefficient (b1) and the standard error of the 
coefficient (Sb1), where 
 
t1 = │b1 / Sb1│ 
 
For larger t1, the estimate is more accurate. B1 will also less likely be zero. It has 
nothing to do with the magnitude of the effect of the independent variable on the 
dependent variable. It only tests its significance. 
 
If the calculated t (t1) is higher than the critical t value for a given significance level 
(x%) and degree of freedom13, the coefficient b1 is said to be ‘significant at the (1 – 
x)% confidence level’. The higher the t-value, the more significant the independent 
variable is. 
 
Coefficient of Multiple Determination (R2) 
 
To know how ‘good’ a model performs, we have to look at its explaining power. If it 
is shown that the model can explain large proportion of fact, we can say the model is 
performing ‘well’. The judgment lies on the coefficient of multiple determination (R2). 
The formal statement of meaning of the (R2) would be: 
 
 “The coefficient of multiple determination (R2) describes the proportion of 
the variation in the dependent variable ‘explained’ by the variation in the 
independent variables.” 
                                                
13 For the t-statistic, degree of freedom is the number of observations minus the number of independent 
variables minus one. 
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We can interpret the R2 in percentage term. For example, a R2 of 0.759 means that 
75.9% of the variation in the dependent variable is explained by the variation in the 
independent variables. 
 
The problem of R2 is that a value of 1.000 can be attained by adding more and more 
explanatory variables. It is quite impossible in real life situation. Therefore, most 
analyses now will adjust the R2 for degrees of freedom. It reduces the likelihood that 
the value of R2 increases simply because of an increase in the number of explanatory 
variables. 
 
If the model consists of more than one independent variable, the measure of fitness is 
changed to an adjusted sum of square (adjusted R2). The adjusted R2 is similar to R2 
but it is used in multi-variables models. 
